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N° XXIV. 

An Optical Problem** propofed by Mr. Hopkinson, 
andfolved by Mr, Rittenhouse. 

Philadelphia, March 1 6th, 1785. 
DEAR SIR, 

Read Feb. T TAKE the liberty of requefling your attend- 
17, 1786. j^ Qn tQ t j ie f ]jowing problem in optics. It is I 
believe entirely new, and the folution will afford amufe- 
ment to you and inftru&ion to me. 

Setting at my door one evening laft fummer, I took a 
filk handkerchief out of my pocket, and ftretching a por- 
tion of it tight between my two hands, I held it up be- 
fore my face and viewed, through the handkerchief, one 
of the ftreet lamps which was about one hundred yards 
diftant; expecting to fee the threads of the handkerchief 
much magnified. Agreeably to my expectation I obferv- 
ed the filk threads magnified to the fize of very coarfe 
wires; but was much furprifed to find that, although I 
moved the handkerchief to the right and left before my 
eyes, the dark bars did not feem to move at all, but re- 
mained permanent before the eye. If the dark bars were 
occafioned by the interpofition of the magnified threads 
between the eye and the flame of the lamp, I fhould have 
fuppofed that they would move and fucceed each other, as 
the threads were made to move and pafs in fucceffion be- 
fore the eye; but the fa£t was otherwife. 

To account for this phenomenon exceeds my fkill in 
optics. You will be fo good as to try the experiment, 
and if you find the cafe truly ftated, as I doubt not you 
will, I fhall be much obliged by a folution on philofophi- 
cal principles. I am fir, with great fincerity, 

Your moll: effeftionate friend, 
And very humble fervant, 

F. HOPKINSON,. 
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The Anfwer^ by Mr. Rittenhouse. 

DEAR SIR, 

TH E experiment you mention, with a filk handker- 
chief and the diftant flame of a lamp, is much more 
curious than one would at firft imagine. For the objed 
we fee is not the web of the handkerchief magnified, but 
fomething very different, as appears from the following 
confiderations. ift. A diftindt image of any object, placed 
clofe to the eye, cannot be formed by parallel rays, 6v 
fuch as iflue from a diftant luminous point : for all fuch 
rays, pafling through the pupil, will be colle£ted at the 
bottom of the eye, and there form an image of the lumi- 
nous point. The threads of the handkerchief would only 
intercept part of the rays, and render the image lefs bril- 
liant. 2dly. If the crofs bars we fee were images of the 
filk threads, they muft pafs over the retina, whilft the 
threads are made to pafs over the pupil ; but this, as you 
obferve, does not happen ; for they continue ftationary. 
3dly. If the image on the retina was a picture of the ob- 
ject before the eye, it muft be fine or coarfe, according to 
the texture of the handkerchief. But it does not change 
with changing the filk, nor does it change on removing 
it farther from the eye. And the number of apparent 
threads remains the fame, whether 10, 20, or 30 of the 
filk threads pafs acrofs the pupil at the fame time. The 
image we fee muft therefore be formed in fome different 
manner ; and this can be no other than by means of the 
inflection of light in pafling near the furfaces of bodies, as 
defcribed by Newton. 

It is well known in optics that different images of the 
different points of objedts without the eye are formed on 
the retina by pencils of rays, which, before they fall on 
the eye, are inclined to each other in fenfible angles. And 
the great ufe of telefcopes is to encreafe thefe angles, re- 
gularly, in a certain ratio ; fuffering fuch rays as were 

parallel 
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parallel before they enter the telefcope to proceed on, pa- 
rallel, after paffing through it. The extended image which 
we fee in this experiment muft therefore be formed by 
pencils of rays, which before they entered the eye, had 
very confiderable degrees of inclination with refpedt to 
each other. But coming from a fmall diftant flame of a 
lamp, they were nearly parallel before they paffed through 
the filk handkerchief. It was therefore the threads of filk 
which gave them fuch different directions. 

Before the filk is placed to the eye, parallel rays of light 
will form a fingle lucid fpot, as at A, Plate III. Figure 16. 
And this fpot will ftill be formed afterwards by fuch rays 
as pafs through the little mefhes uninfluenced by the 
threads. But fuppofe the perpendicular threads by their 
action on the rays, to bend a part of them one degree to 
the right and left, another part two degrees ; there will now 
be four new images formed, two on each fide of the original 
one at A. By a fimilar adtion of the horizontal threads, this 
line of five lucid points will be divided into five other lines, 
two above and two below, making a fquare of twenty-five 
bright fpots, feparated by four perpendicular dark lines and 
four horizontal ones; and thefe lucid fpots and dark lines 
will not change their places on moving the web of filk over 
the eye parallel to any of its threads. For the point of the 
retina on which the image fhall fall is determined by the 
incidence of the rays, with refpeft to the axis of the eye, be- 
fore they enter, and not by the part of the pupil through 
which they pafs. 

In order to make my experiments with more accuracy, 
I made a fquare of parallel hairs about half an inch each 
way. And to have them nearly parallel and equidiftant, 
I got a watchmaker to cut a very fine fcrew on two pieces 
of fmall brafs wire. In the threads of thefe fcrews, 106 
of which made one inch, the hairs were laid 50 or 60 in 
number. Looking through thefe hairs at a fmall opening 
in the window fhutter of a dark room, T V of an inch wide 

and 
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and three inches long, holding the hairs parallel to the 
flit, and looking toward the fky, I faw three parallel lines, 
almoft equal in brightnefs, and on each fide four or five 
others much fainter and growing more faint, coloured and 
indiftin£t, the farther they were from the middle line, 
which I knew to be formed by fuch rays as pafs between 
the hairs uninfluenced by them. Thinking my apparatus 
not fo perfeft as it might be, I took out the hairs and put 
in others, fomething thicker, of thefe 190 made one inch, 
and therefore the fpaces between them were about the ^4-5- 
part of an inch. The three middle lines of light were now 
not fo bright as they had been before, but the others were 
ftronger and more diftinft, and I could count fix on each 
fide of the middle line, feeming to be equally diftant from 
each other, eftimating the diftance from the centre of one 
to the centre of the next. The middle line was ftill well 
defined and colourlefs, the next two were likewife pretty 
well defined, but fomething broader, having their inner 
edges tinged with blue and their outer edges with red. 
The others were more indiftindt, and confifted each of the 
prifmatic colours, in the fame order, which by fpreading 
more and more, feemed to touch each other at the fifth or 
fixth line, but thofe neareft the middle were feparated from 
each other by very dark lines, much broader than the 
bright lines. 

Finding the beam of light which came through the win- 
dow fhutter divided into fo many diftind: pencils, I was 
defirous of knowing the angles which they made with 
each other. For this purpofe I made ufe of a fmall prif- 
matic telefcope and micrometer, with which I was favour- 
ed by Dr. Franklin. I fattened the frame of parallel hairs 
before the obje£t glafs, fo as to cover its aperture entirely. 
Then looking through the telefcope, I meafured the fpace 
between the two firft fide lines, and found the angular 
diftance between their inner edges to be 13', 15" ; from 
the middle of one to the middle of the other 15' , 30", and 

from 
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from the outer edge of one, to the outer edge of the other 
17', 45". In the firft cafe I had a fine blue ftreak in the 
middle of the objed, and in the laft a red ftreak. The 
other lines were too faint, when feen through the telefcope, 
to meafure the angles they fubtended with accuracy, but 
from fuch trials as I made I am fatisfied that from the fe- 
cond line on one fide to the fecond on the other fide, and 
fo on, they were double, triple, quadruple, &c. of the firft 
angles. 

It appears then that a very confiderable portion of the 
beam of light pafled between the hairs, without being at 
all bent out of its firft courfe ; that another fmaller porti- 
on was bent at a medium about 7', 45" each way; the 
red rays a little more, and the blue rays a little lefs ; an- 
other ftill fmaller portion 15' , 30" ; another 23' , 15", and 
fo on. But that no light, or next to none, was bent in any 
angle lefs than 6', nor any light of any particular colour, 
in any intermediate angle between thofe which arife from 
doubling, tripling, &c. of the angle in which it is bent 
in the firft fide lines. 

I was furprized to find that the red rays are more bent 
out of their firft direction, and the blue rays lefs; as if the 
hairs a£ted with more force on the red than on the blue 
rays, contrary to what happens by refradtion, when light 
pafles obliquely through the common furface of two dif- 
ferent mediums. It is, however, confonant to what Sir 
Ifaac Newton obferves with refpeft to the fringes that 
border the fhadows of hairs and other bodies ; his words 
are, " And therefore the hair in caufing thefe fringes, 
" a£ted alike upon the red light or leaft refrangible rays 
" at a greater diftance, and upon the violet or mod re- 
" frangible rays at a lefs diftance, and by thofe actions 
" difpofed the red light into larger fringes, and the violet 
44 into fmaller fringes. 55 

By purfuing thefe experiments it is probable that new 
and interefting difcoveries may be made, refpe&ing the 

D d properties 



206 ENQUIRY into the CAUSE of 

properties of this wonderful fubftance, light, which ani- 
mates all nature in the eyes of man, and perhaps above 
all things difpofes him to acknowledge the Creator's boun- 
ty. But want of leifure obliges me to quit the fubje£t for 
the prefent. 

I am, dear fir, your affe&ionate friend, 
And very humble fervant, 

DAVID RITTENHOUSE. 



N° XXV. 

An Enquiry into the Caitfe of the Increafe of Bilious and 
Intermitting Fevers in Pennfylvania, *with Hints for 
preventing them. By Benjamin Rush, M. D. Pro- 
fejfor of Chemiftry in the TJniverfity of Pennfylvania. 



Rc il D i78? er T T has been remarked > th at Pennfylvania for 
JL fome years paft has become more fickly than 
formerly. Fevers which a few years ago appeared chiefly 
on the banks of creeks and rivers, and in the neighbour- 
hood of mill-ponds, now appear in parts remote from 
them all, and in the higheft fituations. This change with 
refpedt to the healthinefs of our country, may be traced 
to the three following caufes. 

i. The eftablifhment and increafe of mill-ponds. There 
are whole counties in Pennfylvania in which intermittents 
were unknown, until the waters in them were dammed, 
for the purpofe of erecting mill-ponds. 

2. The cutting down of wood, under certain circum- 
ftances, tends to render a country fickly. It has been re- 
marked that intermittents on the fhores of the Sufquehan- 
nah have kept an exadt pace with the paffages which have 
been opened for the propagation of marfh effluvia, by 

cutting 
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